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Available online 3 March 2016The nematode Baylisascaris procyonis, which may cause severe clinical disease in humans and animals, is emerg-
ing in Europe after its introduction with raccoons (Procyon lotor) from North America. B. procyonis has a broad
spectrum of paratenic hosts, including rodents, birds, wild carnivores and primates, which are severely affected
by the migrating larval stages of the parasite. We report here the recovery of B. procyonis from two out of 18 ex-
amined wild raccoons in Denmark. The parasites were identiﬁed based on morphology and their identity was
conﬁrmed by partial sequencing of the 18S rRNA gene. Follow-up telephone interviews of staffs in nine zoos
housing captive raccoons and veterinarians supervising these zoos showed that knowledge of B. procyonis and its
zoonotic potential were sparse. Eggs of B. procyonis were detected in two raccoons kept in one of three zoos that
submitted fecal samples following the telephone interviews. Continuous monitoring and increased awareness are
needed to reduce further spread of the parasite and to limit the public health risks associated with baylisascariasis.
© 2016 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).Keywords:
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Denmark1. Introduction
Baylisascaris procyonis is an ascarid nematode that can cause severe
disease in humans and animals. The parasite is indigenous to North
America (Bowman, 2003) and emerging in Europe (Beltrán-Beck et al.,
2012). B. procyonis has an indirect life cycle with raccoons (Procyon
lotor) as deﬁnitive host (DH) and more than 130 vertebrate species, in-
cluding rodents, birds, wild carnivores, pets and primates as potential
paratenic hosts (PH) (Kazacos et al., 2013). Following ingestion of infec-
tive eggs by PH the larvae develop rapidly, reaching up to 1.9mm in size
15 days post infection (Kazacos and Boyce, 1989). The larvaemigrate to
vital organs including liver, lung, eye and brain where they may cause
visceral (VLM), ocular (OLM), cutaneous (CLM) or neural larva migrans
(NLM) (Gavin et al., 2005). It has been approximated that around 5% of
the migrating larvae invade the brain (Tiner, 1953). Symptoms caused
byNLM include depression, lethargy, opisthotonus, nystagmus, and var-
ious degrees of motor weakness, which ultimately may lead to head
and/or body torticollis, lateral recumbency, coma and death (Kazacos
and Boyce, 1989; Sheppard andKazacos, 1997).Weakening andmarked
reduction in the survival of infected PH are well documented (Kazacos,
2001; LoGiudice, 2003; Page et al., 2012). In humans, baylisascariasis
may induce severe neurological disease or death (Kazacos et al.,
2013), although asymptomatic infections are probably more common
(Murray and Kazacos, 2004; Pai et al., 2007). The possible contributiontute, P.O. Box 750 Sentrum, NO-
ark).
. This is an open access article underof B. procyonis to local extinction of native rodent species, for example
the Allegheny woodrat (Neotoma magister) (Page et al., 2012), signiﬁes
the threat induced by this parasite to biodiversity. The eggs are highly
resistant and can stay infective for many years (Gavin et al., 2005),
which is one of the major challenges for the control of B. procyonis
(Page et al., 1999).
B. procyonis was introduced in Europe in the early 20th century via
imported raccoons. Since, the parasite has become endemic in several
European countries (Gey, 1998; Beltrán-Beck et al., 2012; Davidson,
2012). So far a limited number of infections have been reported in PH
in Europe, but one NLM infection in a beaver (Koch and Rapp, 1981),
one human case of OLM (Küchle et al., 1993) and two seropositive
human cases (Conraths et al., 1996) have been described. In Denmark,
B. procyonis has only been reported once in captive raccoons from a
zoo (Brinch, 2006). Here we report B. procyonis for the ﬁrst time in
wild raccoons in Denmark. The parasites were detected on two separate
occasions. Following these ﬁndings we initiated an epidemiological sur-
vey amongDanishmini zoos with captive raccoons to assess the level of
knowledge about the parasite and the potential public health risks relat-
ed to its presence.
2. Materials and methods
2.1. Case description
As part of a wildlife surveillance program conducted by the National
Veterinary Institute, Technical University of Denmark, 18 raccoons
underwent post mortem examination including coprological analysisthe CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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found dead between October 2009 and February 2015. Prior to exami-
nation, the carcasses were stored at−80 °C for at least 4 days to reduce
the risk of transmission of zoonotic infections. All raccoons, except one
from the island of Zealand, were sampled in Jutland. Year of sampling
and geographical origin of raccoons included in the study are presented
in Fig. 1.
2.2. Telephone interview of nine zoos with captive raccoons
In order to collect information about management of raccoons and
to raise the awareness of the risk of infection with B. procyonis, staff
(n = 9) in nine zoos with captive raccoons and the local veterinarians
(n = 9) were contacted by telephone. Zoos with captive raccoons
included in the study were identiﬁed through their homepages.Fig. 1.Map of Denmark showing year of sampling and geographical origin of wild raccoons infe
fected wild raccoons (N = 16) are presented as open circles.Information about number of raccoons, handling of feces, tests for para-
sites and/or anthelmintic treatmentwas obtained from the zoo staff and
information concerning awareness of the zoonotic potential of raccoon
parasites and the methods used for surveillance of parasites in the cap-
tive raccoons were obtained from the veterinarians. All participating
zoos were offered free coprological analysis of raccoons for detection
of parasites.
2.3. Parasite recovery and identiﬁcation
Intestinal helminths were recovered using the sedimentation
and counting technique (Hofer et al., 2000). Morphological identiﬁca-
tion of ascarid worms and eggs was based on the criteria reported by
Sprent (1968), and parasite eggs from fecal samples were quantiﬁed
using a modiﬁed McMaster technique (Roepstorff and Nansen, 1998).cted with Baylisascaris procyonis (N= 2, black dots). Origin and year of sampling of unin-
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One worm from the intestines of each of the B. procyonis positive
cases was subjected to molecular analysis for diagnostic veriﬁcation.
DNA was extracted from a small piece (approximately 0.5 cm) of
worm tissue by bead beating using FastPrep®-24 (MP Biomedicals
Inc., France). The magnetic beads were 2 mm in diameter, and the
bead beating was done in three intervals of 60 s, each with 0.5 ms of
increments. The DNA was then puriﬁed using a commercial kit
(QIAmp DNA Mini Kit®, Qiagen GmbH, Hilden, Germany), and a frag-
ment of the small subunit 18S ribosomal RNA (SSU rRNA) genewas am-
pliﬁed using the Nem 18S F/R primers (Floyd et al., 2005). The
polymerase chain reaction (PCR) was performed in 25 μl volumes
using 0.02 U/μl of Phusion® High-Fidelity DNA Polymerase (New
England Biolabs, Ipswich, USA). PCR products were sequenced in both
directions using ABI Prism Big Dye Terminator v 3.1 Sequencing Kit
(Applied Biosystems, Foster City, CA). The consensus sequences were
compared to sequences available in GenBank by BLASTn analysis.
3. Results
Two of the 18 (11%) examined raccoons were infected with
ascarids. Case no. 2012-52-81: adult male raccoon weighing 6.5 kg,
road-killed in December 2011 in Lyne, in the central part of Jutland,
Denmark. The raccoon was in a good body condition with moderate
fat deposits. Examination of the intestinal contents revealed the
presence of six B. procyonis: four males (6.9–14.6 cm), and two
females (16.0 cm and 18.7 cm). Additionally, one male Toxascaris
leonina was identiﬁed. By McMaster analysis 760 ascarid eggs/g of
feces were detected. Morphological differentiation of ascarid eggs
was not performed.
Case no. 15-13670: adult male raccoon found dead in February 2015
in Skallingen, less than 50 km from the origin of case no. 2012-52-81.
This raccoon was apparently healthy and in good body condition with
moderate fat deposits. Three ascarid worms, identiﬁed as B. procyonis,
were detected in the small intestines: one male worm (8.1 cm) and
two juvenile worms (one male: 1.8 cm, and one female: 2.1 cm). No
ascarid eggs were detected by coprological examination.
The morphological identiﬁcation of worms was supported by the
results of the molecular analyses. The ampliﬁed fragments (815 base
pairs) of the 18S rRNA gene were 100% identical to two B. procyonis
isolates in GenBank (KC172105 from Norway and U94368 from USA).
Sequences generated in the present study were uploaded to GenBank
under the accession numbers KU050691 (2012-52-81) and KU050692
(15-13670).
The number of raccoons in the zoos varied from two to six animals.
The staff in eight out of nine zoos had never heard of B. procyonis and
consequently had no knowledge about the zoonotic potential of this
parasite. Only one zoo performed regular parasitic analyses as part of
their health control, and only one out of nine veterinarians included in
the telephone interviews had knowledge of the zoonotic potential of
B. procyonis. None of the veterinarians knewhow to differentiate ascarid
type eggs microscopically. In four zoos diagnostic parasitic analyses
were not carried out regularly, and four other zoos never performed
coprological analyses. None of the zoos had implemented special
measures to secure safe management of the raccoon feces. Following
the interviews, three veterinarians submitted fecal samples from
captive raccoons from the zoos they advised. The eggs of B. procyonis
were found in two raccoons (180 and 1050 eggs/g of feces, respectively)
from one of these zoos. The eggs (N=10)measured: 56.3–61.3 × 65.2–
75.1 μm.
4. Discussion
This is the ﬁrst report of B. procyonis in wild raccoons in Denmark, re-
ported only a few years after the ﬁrst ﬁnding of B. procyonis in captiveraccoons in Danish zoos (Brinch, 2006). Infected raccoons reported here
aswell as those reported by Brinch (2006)were all found in the southern
part of thepeninsula of Jutland. It is unknown if the infectedwild raccoons
were released/escaped into the Danish nature or if they had immigrated
from neighboring Germany. In this context it is worth mentioning
that spread of B. procyonis from infected captive raccoons can be
prevented by regular anthelmintic treatment, sanitation of their
cages and relevant equipment with boiling water, and burning of
feces and top soil, which has been in contact with the raccoons'
latrines (Kazacos, 2001).
In endemic areas in North America, high prevalence rates of
B. procyoniswere recorded in several raccoon populations, reaching up
to 90% (Kazacos et al., 2013). In those areas, OLM and fatal cases of
NLM infections were reported from several cases, especially among
children (Gavin et al., 2005; Page et al., 2009). In Europe, OLM has
been reported in a German patient who kept a pet raccoon (Küchle
et al., 1993), and VLM has been reported in two animal caretakers also
in Germany (Conraths et al., 1996). The general trend of higher preva-
lence of B. procyonis infection among raccoons in rural settings
(Blizzard et al., 2010; Page, 2013) increases the risk of human exposure
when raccoons migrate to urban areas in search for food. Thus, limiting
human exposure to raccoons is recommended to reduce the risk of
human baylisascariasis (Gavin et al., 2005).
The raccoon is regarded as an invasive species in Denmark and may
therefore be hunted all year round. Raccoons were ﬁrst included in the
national statistics in the hunting season 2012–13. Since then, 12 and 30
raccoons were reported to the Danish Game Bag Statistics during the
hunting seasons 2013–14 and 2014–15, respectively (Asferg, 2014).
Hunted raccoons were reported from 14 different locations all over
Denmark but mainly from the southern part of Jutland. In 2014, a
new legislation came into force (legislation no. 208 published by
the Ministry of Food on 06/03/2014), which stated that all privately
owned animals, that are considered dangerous, such as raccoons,
should be registered by the Danish Veterinary and Food Administra-
tion. The intention was to ensure that such animals carry unique
identiﬁcation (e.g. chip mark), that they are neutered and that
they can only be handed over to zoos or exported. However, while
this report is written unregistered raccoons are still for sale online
in Denmark.
One major concern related to the presence of B. procyonis in
wildlife is its ability to infect dogswho can act as both paratenic and de-
ﬁnitive host for the parasite (Miyashita, 1993; Averbeck et al., 1995;
Thomas, 1988; Bowman et al., 2005) thereby increasing the risk of zoo-
notic transmission to pet owners as well as professionals such as
veterinarians. Our study demonstrated that Danish zoo veterinarians
and zoo staff were generally unaware of the possible presence of
B. procyonis in captive raccoons and its zoonotic potential. Further,
they had no knowledge about the morphological resemblance of
B. procyonis eggs and other ascarid type eggs, whichmay prevent timely
detection of the parasite. Differential diagnosis between ascarid species
can be achieved bymorphological analysis of adult worms or careful ex-
amination of eggs (Kazacos, 2001) and by using molecular methods
(Dangoudoubiyam et al., 2009).
In conclusion, B. procyoniswas recovered from captive raccoons and
detected for the ﬁrst time in wild raccoons in Denmark. Due to the high
morphological similarity of B. procyonis eggs and other ascarid type eggs
coprological differentiation is difﬁcult, and the prevalence may be
underreported. Continuous monitoring and increased awareness are
needed to reduce further spread of the parasite and limit the public
health risks associated with baylisascariasis.Acknowledgments
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